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Introduction {#jah31646-sec-0004}
============

Chronic kidney disease (CKD) increases cardiovascular morbidity and mortality. Studies have found a significant association between the severity of CKD (stage III--V) and cardiovascular disease (CVD) risk among the general population[1](#jah31646-bib-0001){ref-type="ref"}, [2](#jah31646-bib-0002){ref-type="ref"}, [3](#jah31646-bib-0003){ref-type="ref"} and among high‐risk populations with a history of hypertension, diabetes mellitus, or CVD.[4](#jah31646-bib-0004){ref-type="ref"} However, the association of mildly reduced kidney function with the risk of coronary heart disease (CHD) and stroke is unclear. Some studies suggested that subjects with mildly decreased estimated glomerular filtration rate (eGFR; 60--89 mL/min per 1.73 m^2^) were at a significantly higher risk of CHD and stroke.[5](#jah31646-bib-0005){ref-type="ref"} In contrast, a recent collaborative meta‐analysis of general‐population--based cohort studies suggested that cardiovascular mortality risk was relatively constant at eGFR 75 to 105 mL/min per 1.73 m^2^.[6](#jah31646-bib-0006){ref-type="ref"}

Lifetime risk of CVD is substantial, and the condition is often silent or may occur without warning, underscoring the importance of prevention.[7](#jah31646-bib-0007){ref-type="ref"} Efforts to estimate absolute CVD risk of individuals have developed numerous risk prediction tools that synthesize vascular risk factors. Among them, the Framingham Risk Score (FRS) equation was widely accepted. The FRS was first developed based on data obtained from the Framingham Heart Study, to estimate the 10‐year risk of developing CHD.[8](#jah31646-bib-0008){ref-type="ref"}, [9](#jah31646-bib-0009){ref-type="ref"} On the other hand, the new Pooled Cohort Risk Assessment Equations that were developed to estimate 10‐year risk of atherosclerotic cardiovascular diseases (ASCVD) based on pooled data from 5 large National Institute of Health--funded cohorts, has drawn much debate.[10](#jah31646-bib-0010){ref-type="ref"}, [11](#jah31646-bib-0011){ref-type="ref"}, [12](#jah31646-bib-0012){ref-type="ref"} The equations were used in a recent American College of Cardiology/American Heart Association (ACC/AHA) Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults, which recommends that persons without known CVD should be treated with statins if their 10‐year risk of a cardiovascular event (myocardial infarction, stroke, or cardiovascular death) exceeds 7.5%.[12](#jah31646-bib-0012){ref-type="ref"}, [13](#jah31646-bib-0013){ref-type="ref"} In addition to traditional cardiovascular risk factors, including age, sex, high blood pressure, smoking, dyslipidemia, and diabetes mellitus, other factors, such as renal function, are under investigation in association with CVD. To date, few studies have examined whether mildly reduced kidney function was related with 10‐year risk for a first hard ASCVD event.

Accordingly, the objective of the present study was to evaluate associations between mildly reduced kidney function with cardiometabolic risk factors as well as prevalent and predicted risk of CVD in Chinese adults. This study is a cross‐sectional analysis of data collected at baseline in the Risk Evaluation of cAncers in Chinese diabeTic Individuals: a lONgitudinal (REACTION) study, which was a nation‐wide prospective observational cohort study launched in 2011.[14](#jah31646-bib-0014){ref-type="ref"}, [15](#jah31646-bib-0015){ref-type="ref"}, [16](#jah31646-bib-0016){ref-type="ref"} The present analysis examined associations of eGFR with CVD risk factors as well as prevalent CVDs, 10‐year risk for CHD (FRS) and 10‐year risk for a first hard ASCVD event in this large Chinese population age 40 years or older.

Methods {#jah31646-sec-0005}
=======

Study Population {#jah31646-sec-0006}
----------------

The REACTION study was conducted among 259 657 adults, ages 40 years and older, in 25 communities across mainland China, from 2011 to 2012. The methodology of REACTION study has been described previously.[14](#jah31646-bib-0014){ref-type="ref"}, [15](#jah31646-bib-0015){ref-type="ref"}, [16](#jah31646-bib-0016){ref-type="ref"} Eligible study participants were identified from the local residence registration records and must be age 40 years or older. There was no restriction on sex or ethnicity. Each eligible subject was approached by trained local community workers using a door‐to‐door invitation method. Those who agreed to participate and signed informed consent were scheduled for a personal interview and a clinic visit within a week after the recruitment. The clinic visit took place at the local health stations or community clinics in the participants' residential area. Participants were asked to keep fasting for 10 hours and to provide a first morning spot urine sample before coming to their clinic appointment. All examinations were scheduled in the morning. The personal interview was conducted by trained study personnel using a structured questionnaire. A total of 284 460 eligible subjects consented for the study and 260 738 (91.7%) completed a personal interview and 271 404 (95.4%) donated a blood sample. Among the 260 738 participants who completed the personal interview, 1081 people were later found to be younger than 40 years. After excluding these subjects, the cohort had a total of 259 657 participants with complete recruitment. Of these, we excluded subjects age 79 years or older (n=3891) and those with missing data on body mass index (BMI; n=5308), blood pressure (n=787), serum creatinine (n=1003), blood glucose (n=8808), cholesterol (n=7), or high‐density lipoprotein (HDL; n=21). Finally, 239 832 participants were included in the analysis.

The study was approved by the Medical Ethics Committee of Ruijin Hospital, Shanghai Jiao‐Tong University School of Medicine and conducted in accord with institutional guidelines. All study participants provided written informed consent.

Data Collection {#jah31646-sec-0007}
---------------

Interviews about sociodemographic, medical history, family history, and lifestyle factors were conducted by trained personnel using the standard questionnaire. Body weight, height, waist circumference, and blood pressure (BP) were measured according to a standard protocol and were performed by experienced nurses. BMI was calculated as body weight in kilograms divided by body height squared in meters (kg/m^2^). Waist circumference was measured at umbilical level in a standing position. BP was measured with an automated electronic device (OMRON Model HEM‐752 FUZZY; Omron Company, Dalian, China) in a seated position 3 times consecutively with a 1‐minute interval each. The 3 readings of systolic BP (SBP) and diastolic BP (DBP) were averaged for analysis. Participants who smoked 1 cigarette per day or 7 per week regularly during the past 6 months were defined as current smokers. The type and frequency of alcohol consumption were recorded, and those who consumed alcohol once per week regularly during the past 6 months were defined as current drinkers. The International Physical Activity Questionnaire was used to estimate physical activity during work, transportation, and leisure time by collecting intensity, duration, and frequency of physical activity.

Participants without a known history of diabetes mellitus underwent the oral glucose tolerance test, and plasma glucose was obtained at 0 and 2 hours during the test. Plasma glucose concentrations were evaluated at local hospitals using the glucose oxidase or hexokinase method within 2 hours after blood sample collection under a stringent quality‐control mechanism. The Hemoglobin Capillary Collection System (Bio‐Rad Laboratories, Hercules, CA) was used to collect finger capillary whole blood from each participant and shipped to the central laboratory of the study. Sera were aliquoted into 0.5‐mL Eppendorf tubes within 2 hours and shipped by air in dry ice to the central laboratory of the study located at Shanghai Institute of Endocrine and Metabolic Diseases, which is certified by the College of American Pathologists. The level of hemoglobin A1c (HbA1c) was determined by using the method of high‐performance liquid chromatography (VARIANT II and D‐10 Systems; Bio‐Rad). Serum insulin, total cholesterol, low‐density lipoprotein (LDL) cholesterol (LDL‐C), HDL cholesterol (HDL‐C), triglycerides, and creatinine were measured using an autoanalyzer (ARCHITECT ci16200 analyzer; Abbott Laboratories, Abbott, IL). The index of homeostasis model assessment of insulin resistance (HOMA‐IR) was calculated according to the formula: HOMA‐IR=fasting insulin concentrations (mIU/L)×fasting plasma glucose concentrations (mmol/L)/22.5.

Classification and Definition {#jah31646-sec-0008}
-----------------------------

Kidney function was defined on the basis of eGFR, calculated using the Chronic Kidney Disease--Epidemiology Collaboration (CKD‐EPI) equation.[17](#jah31646-bib-0017){ref-type="ref"} Participants were divided into 4 groups according to eGFR levels of ≥90, 75--89, 60--74, and \<60 mL/min per 1.73 m^2^.

General overweight was defined as BMI of 24.0 to ≤27.9 kg/m^2^ and obesity was defined as BMI of 28.0 kg/m^2^ or higher, according to World Health Organization definitions.

Diabetes mellitus was diagnosed as fasting plasma glucose ≥7.0 mmol/L, or postprandial plasma glucose ≥11.1 mmol/L, or self‐reported previous diagnosis of diabetes mellitus by physicians and taking antidiabetic medications. Hypertension was assessed by SBP ≥140 mm Hg, or DBP ≥90 mm Hg, or self‐reported previous diagnosis of hypertension by physicians and taking antihypertensive medications. Dyslipidemia was defined according to the modified National Cholesterol Education Program--Adult Treatment Panel III (NCEP‐ATP III) as: hypercholesterolemia, total cholesterol ≥6.22 mmol/L (240 mg/dL); hypertriglyceridemia, triglycerides ≥2.26 mmol/L (200 mg/dL), high LDL‐C, LDL‐C ≥4.14 mmol/L (160 mg/dL), and low HDL‐C, HDL‐C \<1.04 mmol/L (40 mg/dL).

With an interviewer‐assisted questionnaire, we collected information on CVDs. The question was open‐ended: "Has a doctor or other health professional ever told you that you have CHD, stroke, or myocardial infarction?" We grouped CVDs (reported CHD, stroke, or myocardial infarction) in the analysis. Validation of the self‐reported CVD was performed in Shanghai Youyi Community, 1 of the 25 communities. The medical records from the relevant hospitalizations were reviewed by 2 physicians, who were blind to the self‐reported data, classified the cases as definite, questionable, or misdiagnosed, and the validation rate of CVD was 91.1%.[16](#jah31646-bib-0016){ref-type="ref"}

The FRS was calculated according to the NCEP‐ATP III algorithm, based on coronary risk factors including age, sex, total cholesterol, HDL‐C, SBP, and smoking habit.[18](#jah31646-bib-0018){ref-type="ref"} The calculated total scores were used to estimate the 10‐year CHD risk in participants without previous CVD or diabetes mellitus. FRS \>20% in men was considered as high for 10‐year CHD risk.[18](#jah31646-bib-0018){ref-type="ref"}

Estimated 10‐year ASCVD risk score was calculated using the new Pooled Cohort Risk Assessment Equations developed from hazards models that included the covariates of sex, age, treated or untreated SBP level, total cholesterol and HDL‐C levels, current smoking status (yes or no), and history of diabetes mellitus (yes or no), according to the recommendation of ACC/AHA Task Force on Practice Guidelines,[19](#jah31646-bib-0019){ref-type="ref"} and ASCVD scores ≥7.5% were identified as high risk for 10‐year ASCVD in participants without previous CVD.

Statistical Analysis {#jah31646-sec-0009}
--------------------

All statistical analyses were performed with SAS software (version 9.3; SAS Institute Inc., Cary, NC). Analyses were performed for men and women separately. Participants were categorized into 4 groups according to eGFR levels of ≥90, 75--89, 60--74, or \<60 mL/min per 1.73 m^2^. Cardiovascular risk factors are presented as medians (interquartiles) for continuous variables, or numbers (percentages) for categorical parameters. Logistic regression analysis was used to determine the relationships of kidney function with cardiometabolic risk factors, previous CVDs, 10‐year CHD risk, and 10‐year ASCVD risk. Two sets of models were used: model 1, age‐adjusted; model 2, adjusted for traditional risk factors of CVDs, including education attainment (high school education or above or not), current cigarette smoking (yes/no), current alcohol consumption (yes/no), metabolic equivalent of task minutes per week (MET‐min/week), HbA1c, SBP, DBP, dyslipidemia (yes/no), angiotensin‐converting enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB) use (yes/no), statin use (yes/no), and insulin use (yes/no). Results of logistic regression analysis are reported as odds ratios (ORs) and 95% CIs.

We then tested potential interactions of eGFR with age, sex, diabetes mellitus, and hypertension in association with CVD risk by adding interaction terms to the multivariate logistic regression models. Results of logistic regression analysis are reported as ORs and 95% CIs. *P* value for interaction was calculated by a likelihood ratio test comparing models with and without the interaction term. The statistical tests were 2‐sided, and *P*\<0.05 was considered statistically significant.

Results {#jah31646-sec-0010}
=======

General characteristics of the study population by eGFR categories are presented in Table [1](#jah31646-tbl-0001){ref-type="table-wrap"}. The mean age (years) of participants with normal eGFR (≥90 mL/min per 1.73 m^2^) was 56 in men and 54 in women. Compared with individuals with normal eGFR, men and women with reduced kidney function or CKD were much older, having a lower proportion of current smoker, higher levels of fasting and postprandial blood glucose, HbA1c, HOMA‐IR, BP, serum cholesterol, triglyceride, and LDL and lower HDL level, as well as a larger waist circumference. Logistic regression analysis indicated that the reduced eGFR was associated with a higher prevalence of obesity, diabetes mellitus, hypertension, and dyslipidemia in both men and women (*P* for trend all \<0.05; Figure [1](#jah31646-fig-0001){ref-type="fig"}; Table [2](#jah31646-tbl-0002){ref-type="table-wrap"}).

###### 

Cardiovascular Risk Factors in Chinese Adults Ages ≥40 Years With Different Kidney Function Status (REACTION 2011--2012), (N=239 832)

  Variable                                   Kidney Function (eGFR)   *P* ~trend~                                                 
  ------------------------------------------ ------------------------ ------------------- ------------------- ------------------- ----------
  Men                                                                                                                             
  No./%                                      59 377/72.20             15 834/19.25        5215/6.34           1820/2.21           
  Age, y                                     55.9 (48.6--61.7)        64.5 (57.6--71.0)   65.4 (59.5--71.5)   68.1 (61.5--73.4)   \<0.0001
  High school education or above, %          39.97                    44.30               44.91               40.77               \<0.0001
  Current smoker, %                          41.31                    31.73               28.11               26.47               \<0.0001
  Current drinker, %                         28.33                    20.51               16.60               12.93               \<0.0001
  Physically active during leisure time, %   12.7                     14.9                15.7                13.9                \<0.0001
  BMI, kg/m^2^                               24.6 (22.4--26.8)        24.7 (22.7--26.9)   25.0 (23.0--27.1)   24.9 (22.7--27.1)   \<0.0001
  Waist circumference, cm                    86.5 (80.0--93.0)        88.0 (81.5--93.8)   88.0 (82.0--94.0)   89.0 (82.0--95.0)   \<0.0001
  SBP, mm Hg                                 131 (120--145)           136 (124--150)      139 (126--152)      143 (129--158)      \<0.0001
  DBP, mm Hg                                 80 (73--87)              80 (72--87)         80 (73--88)         80 (73--89)         0.69
  FBG, mmol/L                                5.6 (5.2--6.2)           5.7 (5.2--6.4)      5.8 (5.3--6.7)      5.8 (5.3--6.8)      \<0.0001
  PBG, mmol/L                                7.0 (5.6--9.3)           7.7 (6.1--10.5)     8.0 (6.2--10.9)     8.6 (6.6--12.2)     \<0.0001
  HbA1c, %                                   5.8 (5.5--6.2)           5.9 (5.6--6.3)      5.9 (5.6--6.4)      6.0 (5.6--6.6)      \<0.0001
  Total cholesterol, mg/dL                   4.67 (4.00--5.38)        4.85 (4.22--5.50)   4.92 (4.26--5.60)   4.82 (4.17--5.55)   \<0.0001
  Triglyceride, mg/dL                        1.29 (0.90--1.94)        1.36 (0.97--2.00)   1.47 (1.04--2.13)   1.49 (1.07--2.15)   \<0.0001
  HDL‐C, mg/dL                               1.20 (1.00--1.45)        1.21 (1.03--1.43)   1.20 (1.02--1.40)   1.16 (0.98--1.37)   0.74
  LDL‐C, mg/dL                               2.68 (2.15--3.24)        2.83 (2.33--3.37)   2.90 (2.35--3.46)   2.84 (2.25--3.39)   \<0.0001
  HOMA‐IR                                    1.51 (0.98--2.31)        1.68 (1.12--2.55)   1.90 (1.26--2.86)   2.05 (1.34--3.18)   \<0.0001
  Women                                                                                                                           
  No./%                                      115 690/73.41            31 625/20.07        7579/4.81           2692/1.71           
  Age, y                                     54.0 (48.0--59.2)        63.4 (57.4--70.0)   65.6 (59.3--71.7)   67.0 (60.2--72.4)   \<0.0001
  High school education or above, %          34.83                    28.66               25.41               23.60               \<0.0001
  Current smoker, %                          1.18                     1.69                2.22                2.17                \<0.0001
  Current drinker, %                         1.65                     1.82                1.60                1.66                0.33
  Physically active during leisure time, %   11.8                     13.4                13.0                11.9                \<0.0001
  BMI, kg/m^2^                               24.1 (22.0--26.5)        24.5 (22.3--26.9)   24.8 (22.6--27.2)   24.9 (22.5--27.4)   \<0.0001
  Waist circumference, cm                    81.7 (76.0--88.0)        84.0 (78.0--91.0)   86.0 (79.0--92.0)   86.8 (80--93.5)     \<0.0001
  SBP, mm Hg                                 127 (115--141)           135 (121--150)      137 (124--152)      140 (125--154)      \<0.0001
  DBP, mm Hg                                 76 (70--83)              76 (70--84)         77 (70--85)         77 (70--85)         \<0.0001
  FBG, mmol/L                                5.4 (5.1--5.9)           5.6 (5.2--6.3)      5.7 (5.3--6.6)      5.8 (5.3--6.8)      \<0.0001
  PBG, mmol/L                                7.0 (5.9--8.8)           7.7 (6.3--10.2)     8.1 (6.5--11.0)     8.5 (6.6--12.4)     \<0.0001
  HbA1c, %                                   5.8 (5.5--6.1)           5.9 (5.6--6.3)      6.0 (5.7--6.5)      6.1 (5.7--6.7)      \<0.0001
  Total cholesterol, mg/dL                   4.88 (4.17--5.61)        5.27 (4.63--5.96)   5.34 (4.67--6.05)   5.28 (4.60--6.06)   \<0.0001
  Triglyceride, mg/dL                        1.23 (0.89--1.75)        1.48 (1.08--2.08)   1.59 (1.15--2.24)   1.69 (1.20--2.49)   \<0.0001
  HDL‐C, mg/dL                               1.34 (1.12--1.58)        1.36 (1.16--1.59)   1.34 (1.15--1.57)   1.28 (1.09--1.51)   \<0.0001
  LDL‐C, mg/dL                               2.78 (2.24--3.37)        3.06 (2.52--3.63)   3.09 (2.54--3.67)   3.00 (2.41--3.63)   \<0.0001
  HOMA‐IR                                    1.69 (1.18--2.44)        1.93 (1.32--2.88)   2.14 (1.45--3.22)   2.31 (1.53--3.72)   \<0.0001

Data are medians (interquartiles) for continuous variables, or percentages for categorical parameters. BMI indicates body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; HDL‐C, high‐density lipoprotein cholesterol; HOMA‐IR, homeostasis model assessment‐estimated insulin resistance; LDL‐C, low‐density lipoprotein cholesterol; PBG, postprandial blood glucose; REACTION, Risk Evaluation of cAncers in Chinese diabeTic Individuals: a lONgitudinal study; SBP, systolic blood pressure.

![Association between kidney function and cardiometabolic risk factors. Prevalence of obesity, diabetes mellitus, hypertension, and dyslipidemia in Chinese adults ages 40 to 79 (REACTION 2011--2012), stratified by estimated glomerular filtration rate (eGFR) status in men (A) and women (B). REACTION indicates Risk Evaluation of cAncers in Chinese diabeTic Individuals: a lONgitudinal study.](JAH3-5-e003328-g001){#jah31646-fig-0001}

###### 

Association Between Kidney Function and Cardiovascular Risk Factors in Chinese Adults Ages ≥40 Years (REACTION 2011--2012), (N=239 832)

                                                                              Normal   Mildly Reduced Kidney Function                             CKD                                                        *P* ~trend~                                                
  --------------------------------------------------------------------------- -------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------
  Obesity                                                                                                                                                                                                                                                               
  Men                                                                                                                                                                                                                                                                   
  Age‐adjusted OR (95% CI)                                                    1.00     1.23 (1.17--1.30)[a](#jah31646-note-0006){ref-type="fn"}   1.39 (1.29--1.50)[a](#jah31646-note-0006){ref-type="fn"}   1.34 (1.19--1.51)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[b](#jah31646-note-0007){ref-type="fn"}   1.00     1.17 (1.12--1.24)[a](#jah31646-note-0006){ref-type="fn"}   1.26 (1.16--1.37)[a](#jah31646-note-0006){ref-type="fn"}   1.10 (0.96--1.25)                                          \<0.001
  Women                                                                                                                                                                                                                                                                 
  Age‐adjusted OR (95% CI)                                                    1.00     0.96 (0.92--0.99)                                          1.15 (1.05--1.19)[a](#jah31646-note-0006){ref-type="fn"}   1.21 (1.10--1.33)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[b](#jah31646-note-0007){ref-type="fn"}   1.00     0.96 (0.92--0.99)                                          1.07 (1.00--1.14)[a](#jah31646-note-0006){ref-type="fn"}   1.12 (1.01--1.24)[a](#jah31646-note-0006){ref-type="fn"}   0.08
  Diabetes mellitus                                                                                                                                                                                                                                                     
  Men                                                                                                                                                                                                                                                                   
  Age‐adjusted OR (95% CI)                                                    1.00     1.10 (1.05--1.14)[a](#jah31646-note-0006){ref-type="fn"}   1.28 (1.20--1.36)[a](#jah31646-note-0006){ref-type="fn"}   1.74 (1.59--1.91)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[c](#jah31646-note-0008){ref-type="fn"}   1.00     1.06 (1.01--1.10)[a](#jah31646-note-0006){ref-type="fn"}   1.12 (1.05--1.19)[a](#jah31646-note-0006){ref-type="fn"}   1.47 (1.34--1.62)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Women                                                                                                                                                                                                                                                                 
  Age‐adjusted OR (95% CI)                                                    1.00     1.10 (1.07--1.14)[a](#jah31646-note-0006){ref-type="fn"}   1.26 (1.19--1.33)[a](#jah31646-note-0006){ref-type="fn"}   1.69 (1.56--1.83)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[c](#jah31646-note-0008){ref-type="fn"}   1.00     1.11 (1.07--1.15)[a](#jah31646-note-0006){ref-type="fn"}   1.22 (1.16--1.29)[a](#jah31646-note-0006){ref-type="fn"}   1.58 (1.45--1.71)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Hypertension                                                                                                                                                                                                                                                          
  Men                                                                                                                                                                                                                                                                   
  Age‐adjusted OR (95% CI)                                                    1.00     1.16 (1.12--1.21)[a](#jah31646-note-0006){ref-type="fn"}   1.52 (1.43--1.62)[a](#jah31646-note-0006){ref-type="fn"}   2.15 (1.95--2.38)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[d](#jah31646-note-0009){ref-type="fn"}   1.00     1.12 (1.07--1.16)[a](#jah31646-note-0006){ref-type="fn"}   1.42 (1.34--1.52)[a](#jah31646-note-0006){ref-type="fn"}   2.10 (1.88--2.34)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Women                                                                                                                                                                                                                                                                 
  Age‐adjusted OR (95% CI)                                                    1.00     1.06 (1.03--1.09)[a](#jah31646-note-0006){ref-type="fn"}   1.24 (1.18--1.31)[a](#jah31646-note-0006){ref-type="fn"}   1.61 (1.48--1.75)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[d](#jah31646-note-0009){ref-type="fn"}   1.00     1.07 (1.04--1.11)[a](#jah31646-note-0006){ref-type="fn"}   1.22 (1.16--1.29)[a](#jah31646-note-0006){ref-type="fn"}   1.56 (1.43--1.70)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Dyslipidemia                                                                                                                                                                                                                                                          
  Men                                                                                                                                                                                                                                                                   
  Age‐adjusted OR (95% CI)                                                    1.00     1.08 (1.04--1.12)[a](#jah31646-note-0006){ref-type="fn"}   1.35 (1.27--1.43)[a](#jah31646-note-0006){ref-type="fn"}   1.67 (1.53--1.82)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[e](#jah31646-note-0010){ref-type="fn"}   1.00     0.97 (0.93--1.01)                                          1.16 (1.09--1.23)[a](#jah31646-note-0006){ref-type="fn"}   1.43 (1.30--1.58)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Women                                                                                                                                                                                                                                                                 
  Age‐adjusted OR (95% CI)                                                    1.00     1.01 (0.98--1.04)                                          1.13 (1.07--1.18)[a](#jah31646-note-0006){ref-type="fn"}   1.38 (1.28--1.48)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[e](#jah31646-note-0010){ref-type="fn"}   1.00     0.99 (0.96--1.01)                                          1.06 (1.01--1.12)[a](#jah31646-note-0006){ref-type="fn"}   1.28 (1.18--1.38)[a](#jah31646-note-0006){ref-type="fn"}   \<0.001

CKD indicates chronic kidney disease; eGFR, estimated glomerular filtration rate; OR, odds ratio; REACTION, Risk Evaluation of cAncers in Chinese diabeTic Individuals: a lONgitudinal study.

Significant data.

Multivariable model adjusted for age, education attainment, current smoking status, current alcohol consumption, metabolic equivalent of task minutes per week (MET‐min/week), hemoglobin A1c (HbA1c), systolic blood pressure (SBP), diastolic blood pressure (DBP), and hyperlipidemia (yes/no).

Multivariable model adjusted for age, body mass index (BMI), education attainment, current smoking status, current alcohol consumption, MET‐min/week, SBP, DBP, and hyperlipidemia (yes/no).

Multivariable model adjusted for age, BMI, education attainment, current smoking status, current alcohol consumption, MET‐min/week, HbA1c, and hyperlipidemia (yes/no).

Multivariable model adjusted for age, BMI, education attainment, current smoking status, current alcohol consumption, MET‐min/week, HbA1c, SBP, and DBP.

The association between eGFR and prevalence of CVD was evaluated. A total of 5463 (6.64%) men and 9364 (5.94%) women had a history of CVD, including 3662 (4.77%) of CHD, 623 (0.81%) of myocardial infarction, and 1701 (2.22%) of stroke in men, and 7547 (5.13%) of CHD, 426 (0.29%) of myocardial infarction, and 1969 (1.34%) of stroke in women. A significantly increased prevalent CVD risk was observed in male and female participants with an eGFR under 60 mL/min per 1.73 m^2^. If stratified by eGFR (≥90, 75--89, 60--74, and \<60 mL/min per 1.73 m^2^), the prevalence of self‐reported CVD was 5.07%, 9.82%, 11.63%, and 15.99% in men, and 4.36%, 9.53%, 12.17%, and 14.38% in women, respectively (Table [3](#jah31646-tbl-0003){ref-type="table-wrap"}). Multivariable‐adjusted ORs (95% CI) of prevalent CVD risk associated with estimated GFR ≥90, 75--89, 60--74, and \<60 mL/min per 1.73 m^2^ were 1.00, 1.02 (0.95--1.10), 1.06 (0.96--1.18), and 1.21 (1.05--1.40; *P* ~trend~=0.02) for men, and 1.00, 0.95 (0.90--1.01), 1.02 (0.94--1.11), and 1.13 (1.00--1.28) (*P* ~trend~=0.29) for women, respectively.

###### 

Association Between Kidney Function and Cardiovascular Diseases in Chinese Adults Ages ≥40 Years (REACTION 2011--2012)

                                                                                            Normal          Mildly Reduced Kidney Function                             CKD                                                        *P* ~trend~                                                
  ----------------------------------------------------------------------------------------- --------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------
  Cardiovascular diseases[a](#jah31646-note-0012){ref-type="fn"} (n=289 832)                                                                                                                                                                                                                 
  Men (n=82 246)                                                                                                                                                                                                                                                                             
  Case percentage (%)                                                                       3010 (5.1)      1555 (9.8)                                                 607 (11.6)                                                 291 (16.0)                                                 
  Age‐adjusted OR (95% CI)                                                                  1.00            1.10 (1.03--1.18)[b](#jah31646-note-0013){ref-type="fn"}   1.25 (1.14--1.38)[b](#jah31646-note-0013){ref-type="fn"}   1.61 (1.40--1.85)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[c](#jah31646-note-0014){ref-type="fn"}                 1.00            1.02 (0.95--1.10)                                          1.06 (0.96--1.18)                                          1.21 (1.05--1.40)[b](#jah31646-note-0013){ref-type="fn"}   0.02
  Women (n=157 586)                                                                                                                                                                                                                                                                          
  Case percentage (%)                                                                       5041 (4.4)      3014 (9.5)                                                 922 (12.2)                                                 387 (14.4)                                                 
  Age‐adjusted OR (95% CI)                                                                  1.00            0.98 (0.93--1.03)                                          1.12 (1.03--1.21)[b](#jah31646-note-0013){ref-type="fn"}   1.28 (1.13--1.44)[b](#jah31646-note-0013){ref-type="fn"}   0.001
  Multivariable‐adjusted OR (95% CI)[c](#jah31646-note-0014){ref-type="fn"}                 1.00            0.95 (0.90--1.01)                                          1.02 (0.94--1.11)                                          1.13 (1.00--1.28)[b](#jah31646-note-0013){ref-type="fn"}   0.22
  10‐year High Framingham risk for CHD[d](#jah31646-note-0015){ref-type="fn"} (n=181 683)                                                                                                                                                                                                    
  Men (n=59 360)                                                                                                                                                                                                                                                                             
  Case percentage (%)                                                                       1833 (4.1)      1010 (9.6)                                                 411 (12.8)                                                 157 (16.6)                                                 
  Age‐adjusted OR (95% CI)                                                                  1.00            1.31 (1.20--1.43)[b](#jah31646-note-0013){ref-type="fn"}   1.73 (1.53--1.95)[b](#jah31646-note-0013){ref-type="fn"}   2.03 (1.68--2.44)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[e](#jah31646-note-0016){ref-type="fn"}                 1.00            1.36 (1.23--1.52)[b](#jah31646-note-0013){ref-type="fn"}   1.70 (1.47--1.97)[b](#jah31646-note-0013){ref-type="fn"}   1.72 (1.36--2.17)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001
  Women (n=122 323)                                                                                                                                                                                                                                                                          
  Case percentage (%)                                                                       26 (0.0)        206 (0.9)                                                  69 (1.5)                                                   35 (2.4)                                                   
  Age‐adjusted OR (95% CI)                                                                  1.00            1.62 (1.05--2.50)[b](#jah31646-note-0013){ref-type="fn"}   1.84 (1.14--2.98)[b](#jah31646-note-0013){ref-type="fn"}   2.47 (1.43--4.26)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[e](#jah31646-note-0016){ref-type="fn"}                 1.00            1.49 (0.94--2.35)                                          1.91 (1.15--3.17)[b](#jah31646-note-0013){ref-type="fn"}   1.99 (1.11--3.58)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001
  10‐year high risk for ASCVD[f](#jah31646-note-0017){ref-type="fn"} (n=225 005)                                                                                                                                                                                                             
  Men (n=76 783)                                                                                                                                                                                                                                                                             
  Case percentage (%)                                                                       32 346 (57.4)   11 890 (83.3)                                              4062 (88.2)                                                1402 (91.7)                                                
  Age‐adjusted OR (95% CI)                                                                  1.00            1.31 (1.23--1.39)[b](#jah31646-note-0013){ref-type="fn"}   1.54 (1.37--1.73)[b](#jah31646-note-0013){ref-type="fn"}   2.09 (1.65--2.65)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[c](#jah31646-note-0014){ref-type="fn"}                 1.00            1.57 (1.44--1.73)[b](#jah31646-note-0013){ref-type="fn"}   1.60 (1.35--1.90)[b](#jah31646-note-0013){ref-type="fn"}   1.41 (1.01--1.97)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001
  Women (n=148 222)                                                                                                                                                                                                                                                                          
  Case percentage (%)                                                                       12 793 (11.6)   13 329 (46.6)                                              3741 (56.2)                                                1435 (62.3)                                                
  Age‐adjusted OR (95% CI)                                                                  1.00            1.26 (1.20--1.32)[b](#jah31646-note-0013){ref-type="fn"}   1.54 (1.42--1.67)[b](#jah31646-note-0013){ref-type="fn"}   2.06 (1.79--2.36)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001
  Multivariable‐adjusted OR (95% CI)[c](#jah31646-note-0014){ref-type="fn"}                 1.00            1.25 (1.17--1.33)[b](#jah31646-note-0013){ref-type="fn"}   1.30 (1.16--1.45)[b](#jah31646-note-0013){ref-type="fn"}   1.52 (1.25--1.84)[b](#jah31646-note-0013){ref-type="fn"}   \<0.001

ASCVD indicates atherosclerotic cardiovascular diseases; CHD, coronary heart disease; CKD, chronic kidney disease; CVD, cardiovascular diseases; OR, odds ratio; REACTION, Risk Evaluation of cAncers in Chinese diabeTic Individuals: a lONgitudinal study.

Analysis was carried out in participants ages 40 to 79 years (n=289 832), and cardiovascular diseases (CVD) was defined as self‐reported CHD, stroke, or myocardial infarction.

Significant data.

Multivariable model adjusted for age, body mass index (BMI), education attainment, current smoking status, current alcohol consumption, metabolic equivalent of task minutes per week (MET‐min/week), hemoglobin A1c (HbA1c), systolic blood pressure (SBP), diastolic blood pressure (DBP), dyslipidemia, angiotensin‐converting enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB) use (yes/no), statin use (yes/no), and insulin use (yes/no).

Analysis was carried out in participants ages 40 to 79 years, free of CVD and diabetes (n=181 683), and Framingham Risk Score \>20% were identified as at high risks for 10‐year CHD.

Multivariable model adjusted for age, BMI, education attainment, current smoking status, current alcohol consumption, MET‐min/week, HbA1c, SBP, DBP, dyslipidemia, ACEI/ARB use (yes/no), and statin use (yes/no).

Analysis was carried out in participants ages 40 to 79 years, free of CVD (n=225 005), and individuals with ASCVD score ≥7.5% were identified as at high risks for 10‐year ASCVD.

We further calculated estimated 10‐year Framingham risk for CHD in participants who were free of CVD and diabetes mellitus (n=181 683) and estimated the 10‐year risk for a first hard ASCVD event in the CVD‐free Chinese adults (n=225 005; Table [3](#jah31646-tbl-0003){ref-type="table-wrap"}; Figure [2](#jah31646-fig-0002){ref-type="fig"}). FRS and 10‐year ASCVD risk was much higher in men than in women. In this study population, the mean (±SD) FRS was 10.77% (±6.54%) in men and 2.17% (±2.72%) in women. Furthermore, 5.75% of men and 0.27% of women had 10‐year Framingham risk for CHD \>20%. Mean (±SD) ASCVD risk score was 14.92% (±12.42%) in men and 5.45% (±7.57%) in women. A total of 64.7% men and 21.1% women had ASCVD risk ≥7.5% in this population.

![A, Distribution of estimated 10‐year Framingham risk for coronary heart disease (CHD) in the CVD and diabetes mellitus--free Chinese adults ages 40 to 79 (REACTION 2011--2012), stratified by sex and estimated glomerular filtration rate (eGFR) groups (N=181 683). (B) Distribution of estimated 10‐year risk for a first hard atherosclerotic cardiovascular diseases (ASCVD) event in the CVD‐free Chinese adults ages 40 to 79 (REACTION 2011--2012), stratified by sex and eGFR groups (N=225 005). REACTION indicates Risk Evaluation of cAncers in Chinese diabeTic Individuals: a lONgitudinal study.](JAH3-5-e003328-g002){#jah31646-fig-0002}

The distribution of the 2 estimated risk scores, stratified by sex and eGFR groups, is illustrated in Figure [2](#jah31646-fig-0002){ref-type="fig"}. The 10‐year Framingham risk for CHD and 10‐year ASCVD risk increased with reduction of kidney function in both men and women (*P* ~trend~\<0.001; Figure [2](#jah31646-fig-0002){ref-type="fig"}). Multivariable‐adjusted ORs (95% CI) of 10‐year high Framingham risk for CHD associated with eGFR ≥90, 75--89, 60--74, and \<60 mL/min per 1.73 m^2^ were 1.00, 1.36 (1.23--1.52), 1.70 (1.47--1.97), and 1.72 (1.36--2.17; *P* ~trend~\<0.001) for men, and 1.00, 1.49 (0.94--2.35), 1.91 (1.15--3.17), and 1.99 (1.11--3.58; *P* ~trend~\<0.001) for women, respectively (Table [3](#jah31646-tbl-0003){ref-type="table-wrap"}). The multivariable‐adjusted ORs (95% CI) of 10‐year high ASCVD risk associated with eGFR (≥90, 75--89, 60--74, and \<60 mL/min per 1.73 m^2^) were 1.00, 1.57 (1.44--1.73), 1.60 (1.35--1.90), and 1.41 (1.01--1.97; *P* ~trend~\<0.001) for men, and 1.00, 1.25 (1.17--1.33), 1.30 (1.16--1.45), and 1.52 (1.25--1.84; *P* ~trend~\<0.001) for women, respectively (Table [3](#jah31646-tbl-0003){ref-type="table-wrap"}).

Next, we analyzed the potential interactions of eGFR with age, sex, diabetes mellitus, and hypertension in modifying CVD risk. As shown in Tables S1 through S3, there are significant interactions of eGFR with age and hypertension in modifying the risk of CVD as measured by self‐reported CVD prevalence, 10‐year Framingham risk for CHD, and 10‐year ASCVD risk. A significant interaction was observed for diabetes mellitus in self‐reported CVD and 10‐year ASCVD risk. Sex showed an interaction with eGFR in modifying the risk of 10‐year CHD only.

Discussion {#jah31646-sec-0011}
==========

This study demonstrated that CKD (eGFR \<60 mL/min per 1.73 m^2^) and even mildly reduced eGFR (60--89 mL/min per 1.73 m^2^) was associated with an increased prevalence of cardiometabolic risk factors, 10‐year high Framingham risk for CHD, and 10‐year high risk for ASCVD. CKD (eGFR \<60 mL/min per 1.73 m^2^) was also associated with a significantly higher prevalence of previous CVD. To the best of our knowledge, this is the first nation‐wide epidemiology study conducted on a community‐based population in mainland China to investigate the association between eGFR, cardiometabolic risk factors, and 10‐year ASCVD risk.

Numerous studies on the epidemiology of CVD in patients with end‐stage renal disease have shown the significant burden of CVD. However, there are conflicting findings from community‐based studies on the association between mildly reduced kidney function and CVD. Some studies demonstrated that mildly renal insufficiency was an independent predictor for association of increased risk and mortality of CVD in the general population.[20](#jah31646-bib-0020){ref-type="ref"}, [21](#jah31646-bib-0021){ref-type="ref"} In a cohort study of 11 940 Caucasians and 16 451 African‐American type 2 diabetes mellitus patients with 6.1 to 6.8 years of follow‐up, mildly reduced eGFR at baseline (under 75 mL/min per 1.73 m^2^) or during follow‐up (under 90 mL/min per 1.73 m^2^) were both associated with increased risk of incident CHD and stroke.[5](#jah31646-bib-0005){ref-type="ref"} In contrast, the Framingham Heart Study, during an average of 15 years of follow‐up of 6233 subjects in the US general population, suggested that the association between mild renal insufficiency and CVD is not independent, and appears to be attributed to the co‐occurrence of traditional CVD risk factors with CKD.[22](#jah31646-bib-0022){ref-type="ref"} However, for the composite outcome after adding all‐cause mortality to the previous CVD outcomes, the association became significant (hazard ratio, 1.19; 95% CI, 1.07--1.32). The findings from our current study provide additional support for the hypothesis that mild‐to‐moderate renal insufficiency could be an independent risk factor for CVD. The inconsistent findings could be explained by differences in the study populations and methods of eGFR calculation. Most of these studies included a heterogeneous patient proportion with established CVD, hypertension, and diabetes mellitus, both of which may affect the association between eGFR and cardiovascular mortality. In addition, most studies estimated eGFR using a Modification of Diet in Renal Disease equation that is less precise, especially in subjects with normal or mildly reduced renal function, compared with the recently developed CKD‐EPI formula, which can better predict CVD risk.[17](#jah31646-bib-0017){ref-type="ref"}

Although the mechanism linking the association between impaired kidney function and CVD risk is not well established, several mechanisms have been proposed. Traditional CVD risk factors, such as older age, smoking, diabetes mellitus, hypertension, and dyslipidemia, often coexist with CKD,[23](#jah31646-bib-0023){ref-type="ref"}, [24](#jah31646-bib-0024){ref-type="ref"} whereas healthy lifestyle habits (normal body weight, not smoking, regular exercise, moderate alcohol intake, consumption of breakfast cereals, and consumption of fruits and vegetables) were individually and jointly associated with a lower lifetime risk of incident CVD.[25](#jah31646-bib-0025){ref-type="ref"}, [26](#jah31646-bib-0026){ref-type="ref"} Atherosclerosis could be another important factor linking impaired kidney function and the risk of incident CVD. Elevated asymmetric dimethyl arginine, reduced nitric oxide bioavailability, and endothelial dysfunction in renal disease, which are associated with atherosclerosis, could also contribute to incident CVD.[27](#jah31646-bib-0027){ref-type="ref"}, [28](#jah31646-bib-0028){ref-type="ref"} Experimental studies suggest that the renin‐angiotensin system (RAS) and its primary effector peptide, angiotensin II, are involved in the pathophysiology of cardiac hypertrophy and failure.[29](#jah31646-bib-0029){ref-type="ref"}, [30](#jah31646-bib-0030){ref-type="ref"} Activation of the RAS, which may partly depend on the adaptation to loss of renal mass that results in changes in renal hemodynamics, frequently occurs in CKD. Furthermore, inflammatory markers, such as leukocyte count, serum amyloid A, C‐reactive protein, fibrinogen, interleukin‐6, tumor necrosis factor‐α, D‐dimer, and the adhesion molecule, E‐selection, are often elevated, and these factors may alter the progression of atherosclerosis through their contribution to the production of reactive oxygen species.[31](#jah31646-bib-0031){ref-type="ref"}, [32](#jah31646-bib-0032){ref-type="ref"}

There are several strengths in our study, including the large sample size, representativeness of Chinese adults, and diagnosis of diabetes mellitus based on fasting and postprandial glucose level. Our study has several potential limitations that merit comment. First, because of the cross‐sectional nature of the current study, our CVD outcome was prevalent CVD; thus, no causal inference can be drawn. Prospective studies with incident CVD outcomes are needed to clarify their precise inter‐relationship. Second, we may have over‐ (or under)‐estimated 10‐year ASCVD risk in the Chinese population using the ASCVD risk score, which was established in American populations by the ACC/AHA. The ASCVD risk equations used in this study may need validation in Chinese populations. As mentioned earlier, we observed a higher CVD risk when using the ASCVD score compared to that using the FRS. Third, collection of CHD, stroke, and myocardial infarction status was based on self‐reported questionnaire, and the duration of diseases was not available for further analysis. We have previously reported a validation rate of 91.1% for self‐reported CHD, stroke, and myocardial infarction events in 1 of the communities from the REACTION study.[16](#jah31646-bib-0016){ref-type="ref"} Thus, the recall bias from self‐reported events could not be completely excluded. Fourth, the use of eGFR to assess renal function in healthy individuals could be prone to measurement bias.[33](#jah31646-bib-0033){ref-type="ref"} Insulin or iothalamate clearances are invasive and cumbersome, and 24‐hour urine collections are very unreliable.[34](#jah31646-bib-0034){ref-type="ref"} Nevertheless, eGFR has been used extensively and routinely in large epidemiological studies. Fifth, we did not have information on albuminuria, which may be an independent risk factor for CVD outcomes.[35](#jah31646-bib-0035){ref-type="ref"}, [36](#jah31646-bib-0036){ref-type="ref"}, [37](#jah31646-bib-0037){ref-type="ref"} Finally, although our analyses were adjusted for an extensive set of confounding factors, residual confounding attributed to the measurement error in the assessment of confounding factors, unmeasured factors, such as dietary factors, and family history of diabetes mellitus, hypertension, CVD, and other chronic diseases, cannot be excluded.

In conclusion, we found that even mildly reduced eGFR (\<90 mL/min per 1.73 m^2^) was associated with 10‐year high ASCVD risk among Chinese adults. A prospective follow‐up of this nation‐wide representative population is ongoing and of great importance to further assess the predicting value of mildly reduced eGFR for future CVD risk.
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**Table S1.** Association of Prevalent Self‐Reported CVD With eGFR Level in Different Subgroups. Regression models were adjusted for age, sex, BMI, drinking status, smoking status, physical activity, SBP, DBP, A1c, dyslipidemia (yes/no), ACEI/ARB use (yes/no), statin use (yes/no), and insulin use (yes/no) (except for the strata variables).

**Table S2.** Association of High Risks for 10‐Year CHD (Framingham Risk Score ≥20% in Men and ≥10% in Women) With eGFR Level in Different Subgroups. Regression models were adjusted for age, sex, BMI, drinking status, smoking status, physical activity, SBP, DBP, A1c, dyslipidemia (yes/no), ACEI/ARB use (yes/no), statin use (yes/no), and insulin use (Yes/No) (except for the strata variables).

**Table S3.** Association of High Risks for 10‐Year ASCVD (ASCVD Score ≥7.5%) With eGFR Level in Different Subgroups. Regression models were adjusted for age, sex, BMI, drinking status, smoking status, physical activity, SBP, DBP, A1c, dyslipidemia (yes/no), ACEI/ARB use (yes/no), statin use (yes/no), and insulin use (yes/no) (except for the strata variables).

###### 

Click here for additional data file.
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